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INTERACGION OF BLECTROMAGNETIC WAYES AND
LLECTRON BREAMS IN SYSTEMS WITH CENTRIPUCAL-
-RLECTROSTATIC POCUSING (CRP)

Chesmov 2.3,

Representation of e leotren beams in the form of electronic

waveguides opens new posaibilities in construation of & general
theory for the wide class of electron-beam devices of super-
high frequencies, such as travel-ing-wave tubes, backward-
wave tubes, electron-wave anplifiers and other systems. This
ceneralization in a pumber of cases, snables to provide a
thorough analysis for the phenomens that occur in such systems.
iowever, it is natural, that radio-frequency propertice of
either slectronic waveguide (electron beam) will be determined,
first of all, by ite configuration and by the character of
electron motion in this waveguide {,8. it will depend to a
great extent upob the method of slectron beam shaping and
focuaing. Here in we will endeavour to show a Dumber of radio-
frequency properties which are aquired by the electron beam
when focused by the centrifugal-electrostatic method.

Let us begin with the linear spirotron conasjideration.
Similar to the usual traveling-wave or backward-wave tubss
the spiratken consists of metsllic waveguiding etructure and
electron wavegulde interconnec ted olectrbdinnnicall, at some
ssction and loaded with reasistances at the ends (see fig.1).

A sclieme of & typical linear spirotron is illustrated
in fig. 2. Tre waveguiding slow-wave structure in a linear
apirotron, similar to that adopted in the usual types »f

traveling-wave tube, is represented either by the relix or
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any other axial symmetrical struoture, which 1is complicated
to a certain extemt by a foousing slectrode. As far as,the
slectron waveguide is concermed, it 48 a tubular beam with
helix-type motiom of elecirons. It is known that the use of
tubular beams discloses & mumber of possibilities to obtain
valuable radio-frequency characteristics in devices of the

" traveling-wave type. Let ua mow cbnuidor the exten: to which
these properties are present in the system with centrifugal
electrostatic focusimg. The theoretical analysis of ampli-
fication of the traveling-wave tube (T ¥WT) shows that when
a helix slow-wave structure is filled with tubular beam
there appears the possibility of syetem bandwidth increasing.
Thie 1s well illustrated im a diagram (see £1g.3) which was
given in a paper by Pearce. On the vertical axie of this
diagram the value of the gainper unit length is plotted,
while along the horisontal axis the value of 615 18 shown

{ whee - 4. and a - radins of helix).
You

It may be seen from the diagrem, that at filling the
helix with the beam  w-P2- 2 0.7 - 0.75, 1a case of
tubular beam, the impedance changes slightly at the increase
of the frequency, while in case of continuous beam the wave
impadance decreases sharply.

The large band width of spirotron beam interaction
with the helix delaying structure has been experimentally
verified.

At the amplification exceeding over 20 db with drops

of the order of 5 db., a band width with the relation of

*
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bandl imiting frequencies of the ordo£-1l3 has been obtained

on a linear spirotron (u‘o £ig.2) with two coupled helix

transducers used as matohing devioces. ItrlhO“ld be pointed

out that the limitation of the band width was due to certain

dispersion of the pelix~glabs system. At smiall adjustment

of the beam velocity, the bandwidth was found to be 1:4.5.
Since the electrons in a tubular beam, as compared to

thoss im pencil beam, mOVée in the region of the more homogenouse

radio-frequency field, they may be guided cloas to the slow-

wave structure so that the offoctiv;noa; of interaction betwean

the beam and the delayed wave (i.e. electronic efficiency)

may be inoreased. This property of the spirotron beam 18 of

great significance, easpecially at small beam currents, when

the efficiency of an ordinary traveling-wave tube (T .T)

conaiderably decreases. Thus, for instance, the output of

linear mean power spiroironm was found to be at the wavelength

12-20 cm and a current squal 25 ma, from 10 to 12.0 watts at

ths electron efficiency bf 25 to 30 percent. At the reduction

of wave-length up to -f = 8-10 cm a sharp decrease of beam

current to 6 ma the efficiency remained still high, being

of the order of 23 per cent. Pinally, the efficiency of 12 per

cent was obtained at the current of only 0.8 ma.

It should be montionod. that a p&ticulu property of
spiratron beam, a8 it seems to us, helpa to obtain a high
efficiency value. The point i1s, that in the tubular beam
focused by means »f the centrifugal electrostatic meticd, in
¢ ,~minz electron bunches under the action of high-fr=quency

field, a great concentration may be obtained in the axial

ek
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direction on account of defocusing in the radial direction.

As far as the 1imitations of efficlency are concerned due to
the destreying of electron bunches which oan not expand in the
radial directiom, it should be mentioned fhat this effect

.as besn convindingly diselosed in the knmown paper by Catler.

The high-frequency outpht of the aystem is determined
not only by the electrenie effioiency, but also by the direct
current energy transfered »y the electron beam. In this respect
for the slectrpnic waveguide, ss well as, for slectromagnetic
,ne., we may speak of the maximum transmitting capacity of
he waveguide concerned.

The direct current output of a bsam or an electronic
wavegulde 1e determined by the accelerating voltage and
current. In an ordinary focusing syetem with a longitudinal
magnetic field, the curreant and the voltage of the beam are
depending one from the other. And, as it 1s known, there
erists a maxrimum value of current,which can be pasaed through
the drift tubs I = 32.4 1000 /2,

Therefore to incresase the power of traveling-wave tubes
it becomecs necessary to increase the phase velocity al though
aometimes this is not desirabdble.

In the systea CEP, ithe current may be increased without
the necesoity tochangs the axial velocity of electrons and
hence the wave phase velocity does not change. Thie 1s accom.
plished by the increase of the focusing voltage value and the

transition to fast rotating beams. The maximum current in

the CRP system I = 331510'6 UrocYlia where Uj,e ~-voltage

Letween cylinders (in velts), Uy - axial velocity of electrons

.+ waves (in volts), C - conductivity of gyntem depending
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on the system geometry,

‘he possibility of flexidle parameter contrel of am
electron waveguide employed in CEP systea must be also
constdered. 7
Thus, for inetance on the basis of spirotron, the basckward -
wave tube for a 10 em r-ng. with tubnl.r beam and double
telix slow-wave ly-ta- was rcnlilod.

The slow-wave system provides a continuous electronic retuning
f 2 to 30 per cent by a single voltage change and a band-
wilth 1:2 by two voltagechanges. The output power of thia

‘ube is of the order of several teng l'f)lhr.. as it seems

to us the principle of electronio retuning and electrostatic
Yhcuaing  were successfully combined, while the same resulte
in case of periodic electrostatic focusing present mean
while oconalderable diMicul ties.

In the foregoing pages we considered the electron beam
88 a part of the electron waveguide with matohed loads &t the
ends. Yet, if the output of such an electron waveguide will
beoconnected with 1its input, then this electron waveguide
~tll be transtormed t6 an'iloctron reﬂon-tor. The beam in such
4 aystem after the first inioruetion with thehigh frequency
‘leld ot the structure, is again introduced into the interac-
tion rezion, where tt completes b cycles. It there are aeveral
wave .-nsoths along the length of the electron resonator,

it ~eans that we are dealing with a traveling-wave resonator.

"re more crnaecutive results of thie work done in IRE
'y i‘.A.bernanhevseky and T.A.Novekova will nonn be

vblinhed
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On the other hand, there may be electron resonators similar

to cavity resonators. In order to provide the dependencs of
the frequendy properties ef a system just by the very electron
resonator, the later should be loaded by the waveguiding
atructure without substantial reflections at the ends and

morecver the electron resonator should not be ocoupled with

.n srdinary relonator.-Tﬁgainfor.e;iou of an electron resunat
r with an external circuit may be lcéo-plinhod on either

wave .rrespective whether it is a slow-wave or it has the

valnnity of light,

The possibility of forming in the CEP systems, electron
beams of very complicated shape enables to oomstruct various
types of electron resonators.

The principal particularities of an electron resonator
can be seen at once when the ordinary klyetron is compal ed
with the CEF syatem, which may be called "antiklyatron"
according to ite principle of action.

The scheme of klystron is represented ian fig.4. Where:

1 - 1s the electron beam which ie used ms a source of eneryy;

" - reglon of the interaction between thoAradio-rrequoncy

field and the beam 3,~Resonant cavity used for the accumula-
tion of radlo-frequency energy. The frequency of ~enerateJ

or amplified esclllatiors 1s determined by thie cavity.,

‘he acheme of "antiklyatron™ 1s represented in f1g.5,where:

1 - wave guide structure neceseary to form the high-freguency
f1e.4, whirh interacts with the electron beam, and to
in*rojuce t'e rpergy into the eystem and td yield it out of
the syatem. 0 - region of interaction of the electron reso-

nator with the external atructure.3 - an alec tron resonator

ot

.
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which 18 & toroidal electron beam with circular ¢r helirx
eleactron trejectories.

¥hen s radio~frequency fisld is present im the wave-
guidimg IWMO'. there 18 a field component B im the region
2 actively intersoting with the eleotrons. Owing to the
sultiple circmlation of the electrom besa in the system
which is equivalent to the multiple reflections of eleotro-
magnetic wave in an ordimary resonator, an acocumelation of
modulation will take place,in a beas and this may be consi-
dered as an sccumulation of i-.dio-rrcqnoncy snergy in an
electron réesonator. The freguency of an electron resonator
is d etermined by the eleotron circulation freqency and may
be altered by the c hange of fosusing electrodes potentiale.
The investigation of systems with electron resonators (CEPF)
in deocimetre wave range hu';h;.u that such syatems provide
amplification and generation of signal with a wide electron
retuning of frequency in a band -width about 1:12. Rlectron
resonators possess a quality factor the value of which
changes from & hundred to a thousand. In the electron reson-
ators aeé well in ordinary resonators if was possible to

ex1cite overtones.

.

In conclusion it lﬁoi-llii be mentioned, that the develop-

ment and investigzation of electrostatic methods of electron
beams formation and focueing seems to us exceedingly actual,
Elactrostatic aystems Juarantee ;rogress of the exiating
tevices for superhigh frequenciea and opens possibilities

for developing of new methods of cenoration and amplification

of microwaves,

t

ﬁ Approved For Release 2009/07/10 : CIA-RDP80T00246A003800260002-0



